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(57) ABSTRACT 

Acomputer implemented method accesses data in a look up 
table via an index divided into a coarse index and a ?ne 
index. The method calculates the coarse index and fetches 
plural look up table entries. While the fetch is in progress, 
the method calculates the ?ne index. The method determines 
and extracts the look up table entry corresponding to the 
combined coarse and ?ne indexes Fetching plural look up 
table entries includes executing a single Word load instruc 
tion, a doubleWord load instruction or a pair of sequential or 
simultaneous single Word load instructions. Extracting the 
look up table entry may include a section select move 
instruction, an extract and Zero-extend a bit ?eld instruction 
or a shift and mask operation. 
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SPECULATIVE LOAD OF LOOK UP TABLE 
ENTRIES BASED UPON COARSE INDEX 

CALCULATION IN PARALLEL WITH FINE INDEX 
CALCULATION 

CLAIM OF PRIORITY 

[0001] This application claims priority under 35 U.S.C. 
119(c) from US. Provisional Application 60/550,940 ?led 
Mar. 4, 2004. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The technical ?eld of this invention is digital 
computing and more particularly very long instruction Word 
(VLIW) computing. 

BACKGROUND OF THE INVENTION 

[0003] Many current data processing algorithms, such as 
entropy coding, repeatedly use large look up tables With the 
values included in these tables determined at run time. 
Entropy coding is a data compression technique that 
employs feWer coded bits for more frequently used symbols 
than for less frequently used symbols. In the prior art the 
complete index for the look up table element Was calculated 
before the memory access to the look up table. Current data 
processors have long latencies for memory access relative to 
the data processor operation even for accesses that hit into 
a cache. This long memory access latency Worsens the 
performance for algorithms that are lookup table intensive. 

[0004] In many cases the desired look up table entry is 
de?ned by a coarse index that can be quickly determined and 
a ?ne index indicating an offset from the coarse index. This 
occurs because the entropy statistics de?ne an inherently 
jagged table. In such a jagged table the coarse index Would 
be the base pointer to a sub-table. The ?ne index selects the 
entry in this sub-table. In many cases this sub-table is small 
and typically includes less than 16 bytes of data. 

SUMMARY OF THE INVENTION 

[0005] A computer implemented method for accessing 
data in a look up table at locations in a memory determined 
by an index divides the index into a coarse index and a ?ne 
index. The method calculates the coarse index and fetches 
plural look up table entries from memory to a data register 
?le corresponding to the coarse index. While the look up 
table entries are being transferred, the method calculates the 
?ne index. The method determines and extracts the look up 
table entry corresponding to the combination of the coarse 
index and the ?ne index. 

[0006] This method is useful for regular tWo dimensional 
arrays and for sparsely populated, jagged arrays. The 
method is applicable to packed, sparsely populated arrays. 

[0007] The bit length of the look up table entries is an 
integral fraction of the bit length of data Words used by the 
data processor. Fetching plural look up table entries includes 
executing a single Word load instruction, a doubleWord load 
instruction or a pair of sequential or simultaneous single 
Word load instructions. 

[0008] Extracting the look up table entry from the data 
register ?le may include a novel, disclosed section select 
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move instruction. Alternatively, this extraction may include 
a knoWn extract and Zero-extend a bit ?eld instruction or a 

shift and mask operation. 

[0009] This method can be useful in algorithms that 
repeatedly access short look up tables. In many cases such 
look up tables are tWo dimensional With one dimension 
requiring more calculation than the other. Thus an initial 
estimate of the value to be loaded can be knoWn before the 
exact loop up table element is knoWn. The values to be 
accessed are often smaller than the data processor Word siZe. 
For example, many data processors use 32-bit data Words 
While the values to be accessed may be a byte (8 bits). In this 
case, it is advantageous in terms of memory use and data 
transfer traf?c to pack plural elements into corresponding 
sections of data processor Words. It is often possible to 
arrange the look up table so that the initial index estimate 
limits the ?nal look table element to Within a Word or a 
doubleWord in memory. It is advantageous to prefetch this 
Word or doubleWord While the calculation of the full look up 
table index completes. Immediately folloWing the complete 
index calculation, the indicated section of the already loaded 
data is moved to another register using the register move 
instruction of this invention. The prefetch of the Word or 
doubleWord hides the memory access latency behind the ?ne 
look up table index calculation. This reduces or eliminates 
the time lost in delay slots folloWing the memory load. This 
can speed the rate of the algorithm by shortening loop time. 
This may also permit more loops to be performed simulta 
neously using loop unrolling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] These and other aspects of this invention are illus 
trated in the draWings, in Which: 

[0011] FIG. 1 illustrates the organiZation of a typical 
digital signal processor to Which this invention is applicable 
(prior art); 
[0012] FIG. 2 illustrates details of a very long instruction 
Word digital signal processor core suitable for use in FIG. 1 
(prior art); 
[0013] FIG. 3 illustrates the pipeline stages of the very 
long instruction Word digital signal processor core illustrated 
in FIG. 2 (prior art); 

[0014] FIG. 4 illustrates the instruction syntax of the very 
long instruction Word digital signal processor core illustrated 
in FIG. 2 (prior art); 

[0015] FIG. 5 is a schematic vieW of the byte select move 
from a Word source instruction of this invention; 

[0016] FIG. 6 is a schematic vieW of the byte select move 
from a doubleWord source instruction of this invention; 

[0017] FIG. 7 is a schematic vieW of the halfWord select 
move from a Word source instruction of this invention; 

[0018] FIG. 8 is a schematic vieW of the halfWord select 
move from a doubleWord source instruction of this inven 

tion; 

[0019] FIG. 9 is a schematic vieW of the byte select move 
from a Word source With sign extension instruction of this 

invention; 
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[0020] FIG. 10 is a schematic vieW of the byte select 
move from a doubleWord source With sign extension instruc 
tion of this invention; 

[0021] FIG. 11 is a schematic vieW of the halfWord select 
move from a Word source With sign extension instruction of 
this invention; 

[0022] FIG. 12 is a schematic vieW of the halfWord select 
move from a doubleWord source With sign extension instruc 
tion of this invention; 

[0023] FIG. 13 is a schematic vieW of the multiple byte 
select from a Word register move instruction of this inven 

tion; 

[0024] FIG. 14 is a schematic vieW of the multiple byte 
select move from a doubleWord source instruction of this 

invention; 

[0025] FIG. 15 is a schematic vieW of the multiple half 
Word select move from a Word source instruction of this 

invention; 

[0026] FIG. 16 is a schematic vieW of the multiple half 
Word select move from a doubleWord source instruction of 

this invention; 

[0027] FIG. 17 is a How chart of the method of speculative 
loading look up table data based upon a coarse index While 
calculating a ?ne index; 

[0028] FIG. 18 illustrates an example of a regular look up 
table; 

[0029] FIG. 19 illustrates an example of an irregular look 
up table; 

[0030] FIG. 20 illustrates an example of the irregular look 
up table of FIG. 11 With the data packed into memory; 

[0031] FIG. 21 illustrates in fragmentary ?oW chart form 
an alternative to the load data operation based on the coarse 
index illustrated in FIG. 17; and 

[0032] FIG. 22 illustrates the operation of an extract and 
Zero extend instruction useful in the method of this invention 
(prior art). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] A preferred embodiment of this invention Will be 
described in this section. This invention is not limited to the 
preferred embodiment. It Would be a straight forWard task 
for one skilled in the art to apply the invention to a larger 
class of data processing architectures that employ statically 
scheduled execution With predication mechanism. This 
description corresponds to the Texas Instruments 
TMS320C6400 digital signal processor. 

[0034] FIG. 1 illustrates the organiZation of a typical 
digital signal processor system 100 to Which this invention 
is applicable (prior art). Digital signal processor system 100 
includes central processing unit core 110. Central processing 
unit core 110 includes the data processing portion of digital 
signal processor system 100. Central processing unit core 
110 could be constructed as knoWn in the art and Would 
typically includes a register ?le, an integer arithmetic logic 
unit, an integer multiplier and program How control units. 
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An example of an appropriate central processing unit core is 
described beloW in conjunction With FIGS. 2 to 4. 

[0035] Digital signal processor system 100 includes a 
number of cache memories. FIG. 1 illustrates a pair of ?rst 
level caches. Level one instruction cache (L1I) 121 stores 
instructions used by central processing unit core 110. Cen 
tral processing unit core 110 ?rst attempts to access any 
instruction from level one instruction cache 121. Level one 
data cache (L1D) 123 stores data used by central processing 
unit core 110. Central processing unit core 110 ?rst attempts 
to access any required data from level one data cache 123. 
The tWo level one caches are backed by a level tWo uni?ed 
cache (L2) 130. In the event of a cache miss to level one 
instruction cache 121 or to level one data cache 123, the 
requested instruction or data is sought from level tWo uni?ed 
cache 130. If the requested instruction or data is stored in 
level tWo uni?ed cache 130, then it is supplied to the 
requesting level one cache for supply to central processing 
unit core 110. As is knoWn in the art, the requested instruc 
tion or data may be simultaneously supplied to both the 
requesting cache and central processing unit core 110 to 
speed use. 

[0036] Level tWo uni?ed cache 130 is further coupled to 
higher level memory systems. Digital signal processor sys 
tem 100 may be a part of a multiprocessor system. The other 
processors of the multiprocessor system are coupled to level 
tWo uni?ed cache 130 via a transfer request bus 141 and a 
data transfer bus 143. A direct memory access unit 150 
provides the connection of digital signal processor system 
100 to external memory 161 and external peripherals 169. 

[0037] FIG. 2 is a block diagram illustrating details of a 
digital signal processor integrated circuit 200 suitable but 
not essential for use in this invention (prior art) . The digital 
signal processor integrated circuit 200 includes central pro 
cessing unit 1, Which is a 32-bit eight-Way VLIW pipelined 
processor. Central processing unit 1 is coupled to level 1 
instruction cache 121 included in digital signal processor 
integrated circuit 200. Digital signal processor integrated 
circuit 200 also includes level one data cache 123. Digital 
signal processor integrated circuit 200 also includes periph 
erals 4 to 9. These peripherals preferably include an external 
memory interface (EMIF) 4 and a direct memory access 
(DMA) controller 5. External memory interface (EMIF) 4 
preferably supports access to supports synchronous and 
asynchronous SRAM and synchronous DRAM. Direct 
memory access (DMA) controller 5 preferably provides 
2-channel auto-boot loading direct memory access. These 
peripherals include poWer-doWn logic 6. PoWer-doWn logic 
6 preferably can halt central processing unit activity, periph 
eral activity, and phase lock loop (PLL) clock synchroniZa 
tion activity to reduce poWer consumption. These peripher 
als also include host ports 7, serial ports 8 and 
programmable timers 9. 

[0038] Central processing unit 1 has a 32-bit, byte addres 
sable address space. Internal memory on the same integrated 
circuit is preferably organiZed in a data space including level 
one data cache 123 and a program space including level one 
instruction cache 121. When off-chip memory is used, 
preferably these tWo spaces are uni?ed into a single memory 
space via the external memory interface (EMIF) 4. 

[0039] Level one data cache 123 may be internally 
accessed by central processing unit 1 via tWo internal ports 
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3a and 3b. Each internal port 3a and 3b preferably has 32 
bits of data and a 32-bit byte address reach. Level one 
instruction cache 121 may be internally accessed by central 
processing unit 1 via a single port 2a. Port 2a of level one 
instruction cache 121 preferably has an instruction-fetch 
Width of 256 bits and a 30-bit Word (four bytes) address, 
equivalent to a 32-bit byte address. 

[0040] Central processing unit 1 includes program fetch 
unit 10, instruction dispatch unit 11, instruction decode unit 
12 and tWo data paths 20 and 30. First data path 20 includes 
four functional units designated L1 unit 22, S1 unit 23, M1 
unit 24 and D1 unit 25 and 16 32-bit A registers forming 
register ?le 21. Second data path 30 likeWise includes four 
functional units designated L2 unit 32, S2 unit 33, M2 unit 
34 and D2 unit 35 and 16 32-bit B registers forming register 
?le 31. The functional units of each data path access the 
corresponding register ?le for their operands. There are tWo 
cross paths 27 and 37 permitting access to one register in the 
opposite register ?le each pipeline stage. Central processing 
unit 1 includes control registers 13, control logic 14, and test 
logic 15, emulation logic 16 and interrupt logic 17. 

[0041] Program fetch unit 10, instruction dispatch unit 11 
and instruction decode unit 12 recall instructions from level 
one instruction cache 121 and deliver up to eight 32-bit 
instructions to the functional units every instruction cycle. 
Processing occurs in each of the tWo data paths 20 and 30. 
As previously described above each data path has four 
corresponding functional units (L, S, M and D) and a 
corresponding register ?le containing 16 32-bit registers. 
Each functional unit is controlled by a 32-bit instruction. 
The data paths are further described beloW. Acontrol register 
?le 13 provides the means to con?gure and control various 
processor operations. 

[0042] FIG. 3 illustrates the pipeline stages 300 of digital 
signal processor core 110 (prior art). These pipeline stages 
are divided into three groups: fetch group 310; decode group 
320; and execute group 330. All instructions in the instruc 
tion set How through the fetch, decode, and execute stages 
of the pipeline. Fetch group 310 has four phases for all 
instructions, and decode group 320 has tWo phases for all 
instructions. Execute group 330 requires a varying number 
of phases depending on the type of instruction. 

[0043] The fetch phases of the fetch group 310 are: 
Program address generate phase 311 (PG); Program address 
send phase 312 (PS); Program access ready Wait stage 313 
(PW); and Program fetch packet receive stage 314 (PR). 
Digital signal processor core 110 uses a fetch packet (FP) of 
eight instructions. All eight of the instructions proceed 
through fetch group 310 together. During PG phase 311, the 
program address is generated in program fetch unit 10. 
During PS phase 312, this program address is sent to 
memory. During PW phase 313, the memory read occurs. 
Finally during PR phase 314, the fetch packet is received at 
CPU 1. 

[0044] The decode phases of decode group 320 are: 
Instruction dispatch (DP) 321; and Instruction decode (DC) 
322. During the DP phase 321, the fetch packets are split into 
execute packets. Execute packets consist of one or more 
instructions Which are coded to execute in parallel. During 
DP phase 322, the instructions in an execute packet are 
assigned to the appropriate functional units. Also during DC 
phase 322, the source registers, destination registers and 
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associated paths are decoded for the execution of the instruc 
tions in the respective functional units. 

[0045] The execute phases of the execute group 330 are: 
Execute 1 (E2) 331; Execute 2 (E2) 332; Execute 3 (E3) 
333; Execute 4 (E4) 334; and Execute 5 (E5) 335. Different 
types of instructions require different numbers of these 
phases to complete. These phases of the pipeline play an 
important role in understanding the device state at CPU 
cycle boundaries. 

[0046] During E1 phase 331, the conditions for the 
instructions are evaluated and operands are read for all 
instruction types. For load and store instructions, address 
generation is performed and address modi?cations are Writ 
ten to a register ?le. For branch instructions, branch fetch 
packet in PG phase 311 is affected. For all single-cycle 
instructions, the results are Written to a register ?le. All 
single-cycle instructions complete during the E1 phase 331. 

[0047] During the E2 phase 332, for load instructions, the 
address is sent to memory. For store instructions, the address 
and data are sent to memory. Single-cycle instructions that 
saturate results set the SAT bit in the control status register 
(CSR) if saturation occurs. For single cycle 16x16 multiply 
instructions, the results are Written to a register ?le. For M 
unit non-multiply instructions, the results are Written to a 
register ?le. All ordinary multiply unit instructions complete 
during E2 phase 322. 

[0048] During E3 phase 333, data memory accesses are 
performed. Any multiply instruction that saturates results 
sets the SAT bit in the control status register (CSR) if 
saturation occurs. Store instructions complete during the E3 
phase 333. 

[0049] During E4 phase 334, for load instructions, data is 
brought to the CPU boundary. For multiply extensions 
instructions, the results are Written to a register ?le. Multiply 
extension instructions complete during the E4 phase 334. 

[0050] During E5 phase 335, load instructions Write data 
into a register. Load instructions complete during the E5 
phase 335. 

[0051] FIG. 4 illustrates an example of the instruction 
coding of instructions used by digital signal processor core 
110 (prior art). Each instruction consists of 32 bits and 
controls the operation of one of the eight functional units. 
The bit ?elds are de?ned as folloWs. The creg ?eld (bits 29 
to 31) is the conditional register ?eld. These bits identify 
Whether the instruction is conditional and identify the predi 
cate register. The Z bit (bit 28) indicates Whether the predi 
cation is based upon Zero or not Zero in the predicate register. 
If Z=1, the test is for equality With Zero. If Z=0, the test is for 
nonZero. The case of creg=0 and Z=0 is treated as alWays 
true to alloW unconditional instruction execution. The creg 
?eld is encoded in the instruction opcode as shoWn in Table 
1. 

TABLE 1 

Conditional cre Z 

Register 31 3O 29 28 

Unconditional O O O 0 
Reserved 0 O O 1 
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TABLE l-continued 

Conditional cre Z 

Register 31 30 29 28 

B0 0 0 1 Z 
B1 0 1 0 Z 
B2 0 1 1 Z 
A1 1 0 0 Z 

A2 1 0 1 Z 
A0 1 1 0 Z 
Reserved 1 1 1 x 

[0052] Note that “Z” in the Z bit column refers to the 
Zero/not Zero comparison selection noted above and “x” is a 
don’t care state. This coding can only specify a subset of the 
32 registers in each register ?le as predicate registers. This 
selection Was made to preserve bits in the instruction coding. 

[0053] The dst ?eld (bits 23 to 27) speci?es one of the 32 
registers in the corresponding register ?le as the destination 
of the instruction results. 

[0054] The scr2 ?eld (bits 18 to 22) speci?es one of the 32 
registers in the corresponding register ?le as the second 
source operand. 

[0055] The scr1/cst ?eld (bits 13 to 17) has several mean 
ings depending on the instruction opcode ?eld (bits 3 to 12). 
The ?rst meaning speci?es one of the 32 registers of the 
corresponding register ?le as the ?rst operand. The second 
meaning is a 5-bit immediate constant. Depending on the 
instruction type, this is treated as an unsigned integer and 
Zero extended to 32 bits or is treated as a signed integer and 
sign extended to 32 bits. Lastly, this ?eld can specify one of 
the 32 registers in the opposite register ?le if the instruction 
invokes one of the register ?le cross paths 27 or 37. 

[0056] The opcode ?eld (bits 3 to 12) speci?es the type of 
instruction and designates appropriate instruction options. A 
detailed explanation of this ?eld is beyond the scope of this 
invention except for the instruction options detailed beloW. 

[0057] The 5 bit (bit 1) designates the data path 20 or 30. 
If s=0, then data path 20 is selected. This limits the func 
tional unit to L1 unit 22, S1 unit 23, M1 unit 24 and D1 unit 
25 and the corresponding register ?le A 21. Similarly, s=1 
selects data path 20 limiting the functional unit to L2 unit 32, 
S2 unit 33, M2 unit 34 and D2 unit 35 and the corresponding 
register ?le B 31. 

[0058] The p bit (bit 0) marks the execute packets. The 
p-bit determines Whether the instruction executes in parallel 
With the folloWing instruction. The p-bits are scanned from 
loWer to higher address. If p=1 for the current instruction, 
then the next instruction executes in parallel With the current 
instruction. If p=0 for the current instruction, then the next 
instruction executes in the cycle after the current instruction. 
All instructions executing in parallel constitute an execute 
packet. An execute packet can contain up to eight instruc 
tions. Each instruction in an execute packet must use a 
different functional unit. 

[0059] FIG. 5 illustrates the operation of the byte select 
register move instruction of this invention. In the preferred 
embodiment of this invention the byte select register move 
instruction may be executed by Lunits 22 and 32 and D units 
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25 and 35 in a manner similar to a register move instruction 
implemented in the TMS320C6400 digital signal processor. 
This byte select register move instruction may be condi 
tional based upon a selected predicate registers as described 
above regarding the creg ?eld and the Z bit. The dst ?eld 
speci?es the register location Where the resultant data is 
stored Within the corresponding register ?le 20 or 30. The 
scr2 ?eld speci?es the source register location Within the 
corresponding register ?le 20 or 30 providing the input data. 
The scrl/cst ?eld speci?es the byte extracted. This instruc 
tion preferably has an immediate constant form and a 
register form. In the immediate constant form the scr1/cst 
?eld is an immediate constant of 5 bits. The tWo least 
signi?cant bits of the scrl/cst ?eld control the byte selection. 
The other bits are ignored. In the register form the scr1/cst 
?eld speci?es one of the data registers Within the corre 
sponding data register ?le 20 or 30. The tWo least signi?cant 
bits (bits 1 and 0) of this register control the byte selection. 
The other bits in this register are ignored. In the preferred 
embodiment the extracted byte is speci?ed as shoWn in 
Table 2 beloW. 

TABLE 2 

scr1 
cst data bits 1:0 Byte Bits 

x xx00 00 A 31-24 
x xx01 01 B 23-16 

x xx10 10 C 15-8 
x xx11 11 D 7-0 

[0060] Only the tWo least signi?cant bits of the constant 
?eld or of the register data are used to specify the selected 
byte. 

[0061] The execution unit includes multiplexer 510 to 
make the byte selection. Input data 501 from the register 
speci?ed by the scr2 ?eld is divided into ?elds A (bits 24 to 
31), B (bits 16 to 23), C (bits 8 to 15) and D (bits 0 to 7). 
Each of these bit ?elds are supplied to a corresponding one 
of the four inputs of multiplexer 510. Multiplexer 510 
receives a select signal indicating the byte speci?ed by the 
scr1/cst ?eld and supplies this byte to the least signi?cant 
bits (0 to 7) of output 520. Each of the other bytes of output 
520 (bits 8 to 15, bits 16 to 23 and bits 24 to 31) are ?lled 
With eight Zeros (“00000000” or “00” hexadecimal). The 
data of output 520 is stored in the destination register 
speci?ed by the dst ?eld. The result is that the selected byte 
is placed in the least signi?cant bits of the destination 
register. In the example illustrated in FIG. 5, the scr1/cst 
?eld is “x xx01” Which speci?es the B byte (bits 16 to 23). 

[0062] FIG. 6 illustrates the operation of the byte select 
register move instruction of this invention With a double 
Word source. The dst ?eld speci?es the register location of 
Where the resultant data is stored Within the corresponding 
register ?le 20 or 30. The scr2 ?eld speci?es the source 
register location of an even/odd pair of registers Within the 
corresponding register ?le 20 or 30 providing the input data. 
The source register ?eld must specify the even numbered 
register and the next odd register is an implied operand. The 
scr1/cst ?eld speci?es the byte extracted. In the preferred 
embodiment the extracted byte is speci?ed as shoWn in 
Table 3 beloW. 
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TABLE 3 

scr1 
cst data bits 2:0 Byte Bits 

X X000 000 A 31-24 

Word 601 
X X001 001 B 23-16 

Word 601 
X X010 010 C 15-8 

Word 601 
X X011 011 D 7-0 

Word 601 
X X100 100 E 31-24 

Word 602 
X X101 101 F 23-16 

Word 602 
X X110 110 G 15-8 

Word 602 
X X111 111 H 7-0 

Word 602 

[0063] Only the three least signi?cant bits of the imme 
diate constant or the register data are used to specify the 
selected byte. 

[0064] Input data 601 from the even register speci?ed by 
the scr2 ?eld is divided into ?elds A, B, C and D. Input data 
602 from the odd register speci?ed by the scr2 ?eld is 
divided into ?elds E, F, G and H. Each of these bit ?elds are 
supplied to a corresponding one of the eight inputs of 
multiplexer 610. Multiplexer 610 receives a select signal 
indicating the byte speci?ed by the scr1/cst ?eld and sup 
plies this byte to the least signi?cant bits (0 to 7) of output 
620. Each of the other bytes of output 620 is Zero ?lled. The 
data of output 620 is stored in the destination register 
speci?ed by the dst ?eld. In the eXample illustrated in FIG. 
6, the scrl/cst ?eld is “X X010” Which speci?es the C byte 
(bits 0 to 7 of data Word 601). 

[0065] FIG. 7 illustrates the operation of the halfWord 
select register move instruction of this invention With a Word 
source. The dst ?eld speci?es the register location of Where 
the resultant data is stored Within the corresponding register 
?le 20 or 30. The scr2 ?eld speci?es the source register 
location Within the corresponding register ?le 20 or 30 
providing the input data. The scr1/cst ?eld speci?es the byte 
eXtracted. In the preferred embodiment the eXtracted byte is 
speci?ed as shoWn in Table 4 beloW. 

TABLE 4 

scr1 
cst data bit 0 HalfWord Bits 

X XXXO 0 A 31-16 
X XXX1 1 B 0-15 

[0066] Only the least signi?cant bit of the immediate 
constant or the register data is used to specify the selected 
byte. 

[0067] Input data 701 from the register speci?ed by the 
scr2 ?eld is divided into ?elds A and B. These tWo bit ?elds 
are supplied to a corresponding one of the tWo inputs of 
multipleXer 710. MultipleXer 710 receives a select signal 
indicating the halfWord speci?ed by the scr1/cst ?eld and 
supplies this halfWord to the least signi?cant bits (0 to 15) 
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of output 720. The other halfWord of output 720 is ?lled With 
“0000000000000000” or “0000” heXadecimal. The data of 
output 720 is stored in the destination register speci?ed by 
the dst ?eld. In the eXample illustrated in FIG. 7, the scrl/cst 
?eld is “X XXXO” Which speci?es the A halfWord (bits 16 to 
31). 
[0068] FIG. 8 illustrates the operation of the halfWord 
select register move instruction of this invention With a 
doubleWord source. The dst ?eld speci?es the register loca 
tion Where the resultant data is stored Within the correspond 
ing register ?le 20 or 30. The scr2 ?eld speci?es the source 
register location of an even/odd pair of registers Within the 
corresponding register ?le 20 or 30 providing the input data. 
The source register ?eld must specify the even numbered 
register and the neXt odd register is an implied operand. The 
scr1/cst ?eld speci?es the byte eXtracted. In the preferred 
embodiment the eXtracted byte is speci?ed as shoWn in 
Table 5 beloW. 

TABLE 5 

scr1 
cst data bits 1:0 HalfWord Bits 

X XX00 00 A 31-16 
Word 801 

X XX01 01 B 15-0 
Word 801 

X XX10 10 C 31-16 
Word 802 

X XX11 11 D 15-0 
Word 802 

[0069] Only the tWo least signi?cant bits of the immediate 
constant or the register data are used to specify the selected 
byte. 
[0070] Input data 801 from the even register speci?ed by 
the scr2 ?eld is divided into ?elds A and B. Input data 802 
from the odd register speci?ed by the scr2 ?eld is divided 
into ?elds C and D. Each of these bit ?elds are supplied to 
a corresponding one of the four inputs of multipleXer 810. 
MultipleXer 810 receives a select signal indicating the 
halfWord speci?ed by the scr1/cst ?eld and supplies this 
halfWord to the least signi?cant bits (0 to 15) of output 820. 
The other halfWord of output 820 is Zero ?lled. The data of 
output 820 is stored in the destination register speci?ed by 
the dst ?eld. In the eXample illustrated in FIG. 8, the scrl/cst 
?eld is “X XX11” Which speci?es the D halfWord (bits 0 to 15 
of data Word 802). 

[0071] FIGS. 9 to 12 are similar to FIGS. 4 to 8 eXcept that 
the most signi?cant bits are sign ?lled rather than Zero ?lled. 
In the input data Words 901, 1001, 1101 and 1201 each 
section is a signed integer. Each section includes a sign bit 
indicative of the sign of that number. A 0 sign bit indicates 
a positive sign. A 1 sign bit indicates a negative sign. Upon 
selection of a section to place in the least signi?cant bits of 
the destination register, the most signi?cant bits are ?lled 
With the sign bit (the most signi?cant bit) of the selected 
section. These instructions otherwise operate as previously 
described in conjunction With FIGS. 4 to 8. 

[0072] FIGS. 13 to 16 illustrate a further embodiment of 
this select instruction. FIG. 13 illustrates a multiple byte 
select from a Word register move instruction. Input data 
1301 from the register speci?ed by the scr2 ?eld is divided 
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into byte sections. Data from each byte section A (bits 24 to 
31), B (bits 16 to 23), C (bits 8 to 15) and D (bits 0 to 7) is 
supplied to a corresponding input of each multiplexer 1311, 
1312, 1313 and 1314. The multiplexers 1311, 1312, 1313 
and 1314 select the bits of one input for supply to a 
corresponding section of output data 1320. Multiplexer 1311 
supplies data to section W (bits 24 to 31). Multiplexer 1312 
supplies data to section X (bits 16 to 23). Multiplexer 1313 
supplies data to section Y (bits 8 to 15). Multiplexer 1314 
supplies data to section Z (bits 0 to 7). The selection made 
by each multiplexer 1311, 1312, 1313 and 1314 are con 
trolled by data in the register speci?ed by the scr1/cst ?eld. 
The data in the corresponding section of this register con 
trols the selection of the multiplexer. Thus data in bits 25 to 
31 controls the selection of multiplexer 1311, data in bits 16 
to 23 controls the selection of multiplexer 1312, data in bits 
8 to 15 controls the selection-of multiplexer 1313 and data 
in bits 0 to 7 control the selection of multiplexer 1314. This 
selection preferably takes place as shoWn in Table 6. 

TABLE 6 

scr1 
section 
bits Byte Bits 

xxxx x000 A 31-24 

xxxx x001 B 23-16 

xxxx x010 C 15-8 
xxxx x011 D 7-0 

1111 11xx — 0000 0000 

0000 11xx — 1111 1111 

1100 11xx — sign extend 

[0073] Table 6 shoWs the coding of the least signi?cant 
bits of each section controlling selection of the correspond 
ing multiplexer. This coding permits arbitrary rearrangement 
of data from input data 1301 into output data 1320 including 
duplication of some data and omission of other data. Several 
special coded shoWn in Table 6 cause the corresponding 
multiplexer to Zero ?ll, one ?ll or sign extend the corre 
sponding section of output data 1320. This sign extension is 
based on the most signi?cant bit of the next less signi?cant 
section of input data 1301. In the example of Table 6 the 
special codes are distinguished from the section selection 
codes by a 1 at bit 2 rather than a 0. This coding is not 
required. All that is required is to unambiguously distinguish 
the various multiplexer actions. 

[0074] FIG. 14 illustrates a multiples byte select from a 
doubleWord register move instruction. Input data 1401 and 
1402 from the even/odd register pair speci?ed by the scr2 
?eld are divided into byte sections. Data from each byte 
section A(bits 24 to 31 of input data 1401), B (bits 16 to 23 
of input data 1401), C (bits 8 to 15 of input data 1401), D 
(bits 0 to 7 of input data 1401), E (bits 24 to 31 of input data 
1402), F (bits 16 to 23 of input data 1402), G (bits 8 to 15 
of input data 1402) and H (bits 0 to 7 of input data 1402) is 
supplied to a corresponding input of each multiplexer 1411, 
1412, 1413 and 1414. The multiplexers 1411, 1412, 1413 
and 1414 select the bits of one input for supply to a 
corresponding section of output data 1420. Multiplexer 1411 
supplies data to section W (bits 24 to 31). Multiplexer 1412 
supplies data to section X (bits 16 to 23). Multiplexer 1413 
supplies data to section Y (bits 8 to 15). Multiplexer 1414 
supplies data to section Z (bits 0 to 7). The selection made 
by each multiplexer 1411, 1412, 1413 and 1414 are con 
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trolled by data in the register speci?ed by the scr1/cst ?eld. 
The data in the corresponding section of this register con 
trols the selection of the multiplexer. Thus data in bits 25 to 
31 controls the selection of multiplexer 1411, data in bits 16 
to 23 controls the selection of multiplexer 1412, data in bits 
8 to 15 controls the selection of multiplexer 1413 and data 
in bits 0 to 7 control the selection of multiplexer 1414. This 
selection preferably takes place as shoWn in Table 7. 

TABLE 7 

scr1 
section 

bits Byte Bits 

xxxx 0000 A 31-24 

Word 1401 
xxxx 0001 B 23-16 

Word 1401 
xxxx 0010 C 15-8 

Word 1401 
xxxx 0011 D 7-0 

Word 1401 
xxxx 0100 E 31-24 

Word 1402 
xxxx 0101 F 23-16 

Word 1402 
xxxx 0110 G 15-8 

Word 1402 
xxxx 0111 H 7-0 

Word 1402 
1111 1xxx — 0000 0000 

0000 1xxx — 1111 1111 

1100 1xxx — sign extend 

[0075] The special codes of the example of Table 7 (Zero 
?ll, one ?ll and sign extend) are distinguished from the 
section selection codes by a 1 at bit 3 rather than a 0. 

[0076] FIG. 15 illustrates the operation of a multiple 
halfWord selection from a Word register move instruction. 
Input data 1501 from the register speci?ed by the scr2 ?eld 
is divided into halfWord sections. Data from each halfWord 
section A (bits 16 to 31) and B (bits 0 to 15) is supplied to 
a corresponding input of each multiplexer 1511 and 1512. 
The multiplexers 1511 and 1512 select the bits of one input 
for supply to a corresponding section of output data 1520. 
Multiplexer 1511 supplies data to section Y (bits 16 to 31). 
Multiplexer 1512 supplies data to section Z (bits 0 to 15). 
The selection made by each multiplexer 1511 and 1512 are 
controlled by data in the register speci?ed by the scr1/cst 
?eld. The data in the corresponding section of this register 
controls the selection of the multiplexer. Thus data in bits 16 
to 31 controls the selection of multiplexer 1511 and data in 
bits 0 to 15 controls the selection of multiplexer 1512. In the 
preferred embodiment the extracted byte is speci?ed as 
shoWn in Table 8 beloW. 

TABLE 8 

scr1 
section 
bits HalfWord Bits 

xxxx xx00 A 31-16 

xxxx xx01 B 0—15 
1111 111x — 0000 0000 

0000 111x — 1111 1111 

1100 111x — sign extend 
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[0077] The special codes of the example of Table 8 (Zero 
?ll, one ?ll and sign extend) are distinguished from the 
section selection codes by a 1 at bit 1 rather than a 0. 

[0078] FIG. 16 illustrates the operation of the halfWord 
select register move from doubleWord instruction. Input data 
1601 and 1602 from the even/odd register pair speci?ed by 
the scr2 ?eld are divided into byte sections. Data from each 
halfWord section A(bits 16 to 31 of input data 1601), B (bits 
0 to 15 of input data 1601), C (bits 16 to 31 of input data 
1602) and D (bits 0 to 15 of input data 1602) is supplied to 
a corresponding input of each multipleXer 1611 and 1612. 
The multipleXers 1611 and 1610 select the bits of one input 
for supply to a corresponding section of output data 1620. 
Multiplexer 1611 supplies data to section Y (bits 0 to 15). 
Multiplexer 1612 supplies data to section Z (bits 0 to 15). 
The selection made by each multipleXer 1611 and 1612 are 
controlled by data in the register speci?ed by the scr1/cst 
?eld. The data in the corresponding section of this register 
controls the selection of the multipleXer. Thus data in bits 16 
to 31 controls the selection of multipleXer 1611 and data in 
bits 0 to 15 controls the selection of multipleXer 1612. This 
selection preferably takes place as shoWn in Table 9. 

TABLE 9 

scr1 
section 
bits Byte Bits 

XXXX X000 A 31-16 
Word 1601 

XXXX X001 B 15-0 
Word 1601 

XXXX X010 C 31-16 

Word 1602 
XXXX X011 D 15-0 

Word 1602 
1111 11XX — 0000 0000 

0000 11XX — 1111 1111 

1100 11XX — sign eXtend 

[0079] The special codes of the eXample of Table 9 (Zero 
?ll, one ?ll and sign eXtend) are distinguished from the 
section selection codes by a 1 at bit 2 rather than a 0. 

[0080] Decoding entropy coded data represents a dif?cult 
computing problem. Various video and audio media are 
entropy coded. In entropy coding each of the symbols to be 
encoded are assigned coded Words. These coded Words are 
arranged so that most frequently occurring symbols are 
represented by feWer bits than less frequently occurring 
symbols. This process enables data compression because 
feWer bits are required for the most used symbols. This also 
presents a decoding problem. Entropy coding employs a 
varying number of bits per symbol. The data stream is 
typically transmitted or stored Without marking the begin 
ning of the symbol codes. In practice the previous symbol is 
decoded and its length knoWn before the start of the neXt 
symbol can be determined. This makes entropy decoding an 
inherently serial process. Typical parallel processing tech 
niques are not effective to increase decoding speed. 

[0081] Entropy decoding typically employs a look up 
table. The ?rst feW bits of each encoded data Word typically 
provide some indication of the data length. The folloWing 
bits of each particular data length Word indicate the encoded 
symbol. Decoding usually takes place by determining an 
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indeX into a look up table and reading the indeXed entry, 
Which corresponds to the encoded symbol. Thus entropy 
decoding typically requires repeated access to a look up 
table. Such look up tables are typically small enough to store 
in the data processor cache (such as level one data cache 
123) but too large to store in the register ?le (such as register 
?les 20 and 30). Access to the look up table thus requires 
repeatedly loading data from a memory address, Which may 
be stored in cache, into a register ?le. This operation is 
generally called a register load operation. In the typical case, 
these look up table accesses folloW no predictable pattern 
but Wander through the Whole range of the look up table. For 
the eXample TMS320C6400 digital processor employing the 
instruction pipeline illustrated in FIG. 3, there are at least 
four delay slots folloWing dispatch of a register load instruc 
tion before receipt and storage of the requested data assum 
ing the data is available in level one data cache 123. There 
are more delay slots if the data must be fetched from level 
tWo uni?ed cache 130 or eXternal memory 161. Despite the 
eight eXecution units (L units 22 and 23, S units 23 and 33, 
M units 24 and 34, and D units 25 and 35), no other useful 
computation can take place because all further processing is 
dependent on the data being fetched. The eXample VLIW 
processor of FIG. 1 could potentially perform 32 instruc 
tions during these four delay slots. This represents a bottle 
neck in the decoding of entropy coded data. It is not 
generally possible to employ other parallel data processing 
techniques in these cases due to the serial nature of the 
decoding process. 

[0082] The method of this invention employs a tWo step 
indeX calculation and a speculative load to speed this look up 
table process. In many instances the calculation of the look 
up table indeX can be divided into tWo parts. These tWo parts 
are called a coarse indeX and a ?ne indeX. The coarse indeX 

can be more quickly calculated than the ?ne indeX. HoW 
ever, knoWledge of the coarse indeX limits the locations 
indeXed Within the look up table to Within the range of the 
?ne indeX. This invention speculatively loads all data in the 
look up table Within the range of data selected by the coarse 
indeX. The ?ne indeX is calculated during the delay slots 
While the speculative load or loads occur. Upon calculation 
of the ?ne indeX, the indeXed data is eXtracted from the 
speculatively fetched data. This process serves to hide some 
or all of the load latency behind the calculation of the ?ne 
indeX. Thus the look up table entry data is available sooner 
than Would otherWise happen. This speeds the entire decode 
process. 

[0083] FIG. 17 illustrates this process in How chart form. 
This process begins With start block 1701. The process 
considers the neXt input bits (processing block 1702). Then 
the process calculates the coarse indeX (processing block 
1703). The neXt processes occur in parallel. The process 
loads the data indicated by the coarse indeX (processing 
block 1704) and Waits for its arrival While calculating the 
?ne indeX (processing block 1705). 

[0084] There are several alternatives in the load block 
(processing block 1704) depending on the nature of the look 
up table and the instruction set of the data processor. The 
simplest case is a rectangular look up table as illustrated in 
FIG. 18. FIG. 18 illustrates an eXample of a look up table 
With ten lines of eight entries each. There are eightAentries 
A0 to A7. Address 1801 points to the ?rst entry A0 in this 
line. There are eight B entries B0 to B7. Address 1802 points 












